m i x t u r e have a simple t o p o l o g i c a l base and t h a t t h e same ( a s w e l l a s G'(T,XL) and HE(T,xi d a t a ) c a n b e welb p r e d i c t e d , on t h e s t r e n g t h of g r a p h -t h e o r e t i c a l arguments when o n l y H ( T , x L = 0 . 4 and 0 . 5 ) d a t a f o r t h e b i n a r y m i x t u r e , of a l m o s t e q u a l s i z e d components, a r e a v a i l a b l e .
Abstract I t h a s been shown t h a t a c t i v i t y c o e f f i c i e n t s of t h e components of an
m i x t u r e have a simple t o p o l o g i c a l base and t h a t t h e same ( a s w e l l a s G'(T,XL) and HE(T,xi d a t a ) c a n b e welb p r e d i c t e d , on t h e s t r e n g t h of g r a p h -t h e o r e t i c a l arguments when o n l y H ( T , x L = 0 . 4 and 0 . 5 ) d a t a f o r t h e b i n a r y m i x t u r e , of a l m o s t e q u a l s i z e d components, a r e a v a i l a b l e .
For Ci+j) mixtures t h a t a r e c h a r a c t e r i z e d by t h e p r e s e n c e of 1:l o r 1:l and 1 : 2 molecular complexes o r have components t h a t d i f f e r a p p r e c i a b l y i n molar volumes t h e approach h a s been modified t o w e l l reproduce t h e a c t i v i t y c o e f f i c i e n t s d a t a when datum a l o n e i s a v a i l a b l e f o r t h e mixture.
The v e r s a t i l i t y of g r a p h -t h e o r e t i c a l arguments have f u r t h e r been made e v i d e n t by r a t i o n a l i z i n g v o l u m e t r i c and e t h a l p i c e f f e c t s i n ( i o r i f S ) f i . e . i s a t u r a t e d w i t h a s a l t ( S ) ) f i + j ) m i x t u r e s t o y i e l d worthwhile i n s i g h t i n t o i ) t h e molecular s t a t e of i and or j f o r of t h e s a l t S i n i and t h e i n f l u e n c e of j o n i t ) and i i ) t h e e n e r g e t i c s of molecular i n t e r a c t i o n s t h a t c h a r a c t e r i z e t h e s e m i x t u r e s . S o l u t i o n n o n -i d e a l i t y has been attributed (ref.1) t o either p h y s i c a l i n t e r m o l e c u l a r f o r c e s or t o chemical r e a c t i o n s between the components of Ci+j) m i x t u r e s . S i n c e laws of l i m i t e d v a l i d i t y ( r e f . 2 ) have been employed t o d e s c r i b e i n t e r m o l e c u l a r p o t e n t i a l f u n c t i o n s t h a t c h a r a c t e r i z e i n t e r a c t i o n s between t h e components of t h e s e m i x t u r e s , almost a l l t h e p r e s e n t t h e o r i e s ( r e f . 3-91 of s o l u t i o n s of none l e c t r o l y t e s have l i m i t e d a p p l i c a b i l i t y .
Again t h e p r o c e s s of b i n a r y mixture f o r m a t i o n may t r i g g e r i n t e r o r i n t r a m o l e c u l a r changes i n e i t h e r one o r both t h e components and t h i s must b e g r e f l e c t e d i n t h e molar e x c e s s volume VE and molar e x c e s s e n t h a l p y H d a t a . I n t h i s r e g a r d a l t h o u g h , a few r e c e n t approaches ( r e f . 10-13) a d d r e s s themselves s p e c i f i c a l l y t o t h i s a s p e c t of molecular i n t e r a c t i o n s , y e t t h e y r e q u i r e t h a t t h e molecular s t a t e s of t h e p u r e components be known and t h a t a proper i t i n e r y b e maintained of t h e v a r i o u s e n t i t i e s t h a t e x i s t i n t h e s e m i x t u r e s ; t h i s may not b e p o s s i b l e always. T h i s c a l l s f o r an a l t e r n a t i v e . approach.
Topological aspects of the activity coefficients of the components of a (i + j) mixture:
conceptual aspects of approach and results
The s t r u c t u r a l formula of c h e m i s t s i s a c t u a l 1 a molecular graph (ref.14)characterized by vertices ( a t o m s ) and edges ( b o n x s ) G ( e , v ) . I f t h e p u r e i and j a r e r e p r e s e n t e d by Gt ( e~ ,y4 1 ( o r G; 1 and G. ( e . v. 1 ( o r G . 1 r e s p e c t i v e l y , t h e n t h e f i + j ) mixture formation dwodlh 'be c h a r a d t e r i z e d by i n t e r a c t i o n s between i and j i n t h e GLx Gi molecular graph ( r e f . 1 5 ) . A s a c t i v i t y c o e f f i c i e n t o f , s a y , t h e i t h component o d -. -4 + > -i n an ( i + j ) m i x t u r e v a r i e s a s 'It+ 1 i n f l u e n c e of t h e j t h component on 449 a s x . 4 1 , 7; i n f a c t r e f l e c t s t h e t h e 1-i i n t e r a c t i o n s of i i n t h e m i x t u r e and i s r e l a t e d t o t h e e x c e s s p a r t i a l molar Gibbs f r e e energy of i , j" I f x? i s assumed t o a r i s e due t o t h o s e i n t e r a c t i o n s of t h e molecular s u r f a c e s of j t h a t i n f l u e n c e t h e i-i i n t e r a c t i o n s of i , gf and hencey; may be expressed by RTlny;=Xij 9
where S i i s t h e s u r f a c e f r a c t i o n of j and X L * i s t h e molar 1 -j i n t e r a c t l o n energy. I f V * / V i i s r e p l a c e d by B y dhould be e x p r e s s i b l e i n t h i s mixture by RTlnq = g .
( r e f . 1 6 ) by i A c t i v i t y c o e f f i c i e n t of t h e j t h component was then e v a l u a t e d ( r e f . 1 6 ) v i a t h e Gibbs-Duhem e q u a t i o n , i n t h e form A g t h e molar e x c e s s Gibbs f r e e energy GL, and molar e x c e s s e n t h a l p h y H , of an ( i + j ) mixture should t h e n b e given by 
) 1 J J J J ( i t b e i n g assumed t h a t X i . i s p r a c t i c a l l y independent of t e m p e r a t u r e ) ,
GE and H d a t a of ( i + j ) m$xtures should b e w e l l d e s c r i b e d by e q u a t i o n s 3-4 provided HE d a t a a t two a r b i t r a r y compositions a r e a v a i l a b l e . This was indeed found ( r e f . 1 6 ) t o b e t h e c a s e i n about 44 b i n a r y mixtures of n o n -e l e c t r o l y t e s of almost e q u a l s i z e d components.
On t h e o t h e r hand i f i and j components d i f f e r a p p r e c i a b l y i n t h e i r molar volumes t h e n Y ; would b e determined n o t o n l y by t h e i -j i n t e r a c t i o n s but a l s o by t h e work, done i n accomodating t h e j t h component i n t o t h e matrix of j .
But $ h a s been shown ( r e f . 1 7 ) t o b e g i v e n by GZ= cx; x.V. V.
(1-V. /V; ) / ( E x L VL) where C i s a c o n s t a n t . yi i n t h a t c a s e h a s been 4gxpd,essdd ( r e f . 1 7 ) f i n view of lnY;=flnYe) i -j , V i = V j
The a c t i v i t y c o e f f i c i e n t of t h e j t h component should t h e n have been e v a l u t e d v i a Gibbs-Duhem e q u a t i o n but t h e r e s u l t i n g e x p r e s s i o n s became so involved t h a t i t was hoped t h a t e x p r e s s i n g 7 ( i n view of I n
would not have introduced significant e r r o r s i n t h e v a l u e s o f $ . T h i s was indeed found t o be t r u e ( r e f . 1 7 ) i n some 30 b i n a r y mixtures of none l e c t r o l y t e s (some of which even were c h a r a c t e r i z e d by t h e p r e s e n c e of 1:l o r 1:l and 1 : 2 molecular complexes) when t h e i r Y:, $; x i = 0 . 5 ) datum was used t o e v a l u a t e t h e i r X;. and C parameters and s u b s e q u e n t l y employed t o well p r e d i c t t h e i r ( YG,dqy x L d a t a . This suggested t h a t not much e r r o r i s i n t r o d u c e d by e x p r e s s i n g 5 f o r t h e j t h e component of an ( i + j ) mixture by e q u a t i o n 6 . Again a s xi+oy t h e a c t i v i t y c o e f f i c i e n t of i a t i n f i n i t e di1ution"would b e given ( r e f . 1 7 ) ( i n view of e q u a t i o n 5 ) by
i j J s o t h a t t h e a c t i v i t y c o e f f i c i e n t s of t h e components of an ( i + j ) m i x t u r e c a n be e x p r e s s e d i n t e r m s of I n 3fby
( i + j ) m i x t u r e when datum f o r i t a l o n e i s a v a i l a b l e o r c a n b e d e t e r m i n e d ezperiment a l l y by g a s -l i q u i d chromatography.
I t was, however, found ( r e f . 
17) t h a t ( Y i , . $ ; x;) d a t a e v a l u a t e d i n t h i s manner compared w e l l w i t h t h e c o r r e s p o n d i n g e x p e r i m e n t a l d a t a f o r t h o s e ( i + j) m i x t u r e s t h a t were n o t c h a r a c t e r i z e d by s p e c i f i c i n t e r a c t i o n s between t h e i r components; f o r t h o s e

Again i f t h e b o i l i n g t e m p e r a t u r e s o f i and j i n an ( i + j ) m i x t u r e do n o t d i f f e r s i g n i f i c a n t l y and i f X ; and C p a r a m e t e r s of e q u a t i o n s 5 and 6 a r e t a k e n t o b e independen! of t e m p e r a t u r e ( t h e e f f e c t of p r e s s u r e on l i q u i d phase p r o p e r t i e s i s u s u a l l y s m a l l e x c e p t a t h i g h e r p r e s s u r e s and a t c o n d i t i o n s n e a r t h e c r i t i c a l t e m p e r a t u r e ) t h e n i t s h o u l d b e p o s s i b l e t o p r e d i c t ( v i , 9 ; xi 1 d a t a f o r t h e m i x t u r e when ' Y~~y d .
; x F . 5 ) d a t a or datum a t moderate p r e s s u r e s and molar volume d a t a a t o r d i n a r y t e m p e r a t u r e s a r e a v a i l a b l e . T h i s was found t o b e r e a s o n a b l y t r u e ( r e f . 1 7 ) of t h e ( n -p r o p a n o l ( i ) + w a t e r Cj)) system a t 1 0 1 . 3 b a r .
A t t h i s s t a g e i t may b e p e r t i n e n t t o i n v e s t i g a t e i f t h e t o p o l o g i c a l approach c a n y i e l d any i n f o r m a t i o n about i 1 t h e m o l e c u l a r s t a t e of t h e p u r e components and i i ) m o l e c u l a r e n t i t i e s i n b i n a r y m i x t u r e s of n o n -e l e c t r o l y t e s .
Topological aspects of the state of aggregation of the components of an (i + j) mixture E S i n c e molar e x c e s s volume V of an r i + j ) m i x t u r e r e g l e c t s i n t e r a c t i o n a l e f f e c t s on t h e p a c k i n g of molecules and a s ('4~ 1 ' o f i d e t e r m i n e s ( r e f . 1 8 ) t h e e f f e c t i v e n e s s w i t h which t h e m o l e c u l a r s u r f a c e of i i n t e r a c t s w i t h t h a t of a n o t h e r i m o l e c u l e , t h e i n t e r a c t i o n a l p a r t of t h e molar volume of+ p u r e i h a s been t a k e n ( r e f . 18) t o b e p r o p o r t i o n a l t o i t s t3&, 1 . The i d e a l i n t e r a c t i o n a l molar volume of an (i+ j ) m i x t u r e would t h e n b e p r o p o r t i o n a l t o i ? (x; /sb,) where x L and 4& d e n o t e mole f r a c t i o n and c o n n e c t i v i t y p a r a m e t e r of t h e t h i r d d e g r e e r e s p e c t i v e l y of i . F u r t h e r 2, : i s d e f i n e d ( r e f . 1 9 ) by where Sv r e f l e c t s ( r e f . 20) e x p l i c i t a l y t h e v a l e n c y of t h e m t h e t c . v e r t e x i n t h e m o l e c u l a r g r a p h of i i n forming bonds. The i n t e r a c t i o n a l p a r t o f -, t h e molar volume of t h e m i x t u r e s h o u l d a l s o b e p r o p o r t i o n a l t o (31f ) o f t h e m i x t u r e . molecuTar g r a p h i s e x p r e s s e d byr:xL3:Cl (where 34: d e n o t e s % d f i i n t h e m i x t u r e ) and i f t h e p r o p o r t i o n a l i t y c o n s t a n t i s assumed t o be t h e I f 34,,,, of t h e r e a l m i x t u r e i n t h e G C X G .
same f o r both t h e mixture and i t s p u r e components expressed ( r e f . 18) by then V E may b e (11) mixture.
A S
vE where d i s a c o n s t a n t c h a r a c t e r i s t i c of t h e ( i + j ) r e f l e c t s changes i n t h e packing of i and j i n t h e f i + j ) m i x t u r e , u s e f u l i n f o r m a t i o n about t h e s t a t e of a g g r e g a t i o n of pure i and j and of t h e molecular s p e c i e s i n t h e s e b i n a r y mixtures should be o b t a i n a b l e ( r e f . 21-28) from t h e i r V E d a t a i f % ! and s& parameters of i e t c . a r e regarded a s a d j u s t a b l e parameters an2 a r e e v a l u a t e d ( r e f . 21-28) by f i t t i n g e q u a t i o n 11 t o t h e experimental V E d a t a ; o n l y t h o s e t, andJ,$etc.
v a l u e s should b e r e t a i n e d f o r which t h e v a r i a n c e of f i t was minimum. A s e r i e s of s t r u c t u r e s a r e t h e n assumed f o r t h e pure i and j and of i and j i n t h e mixture and t h e i r 8' parameters e v a l u a t e d from e q u a t i o n 10.
Any s t r u c t u r e o r a combination of s t r u c t u r e s t h a t y i e l d 34' v a l u e s which b e s t reproduce t h e coresponding % v a l u e s o b t a i n e d from V E d a t a v i a e q u a t i o n 10, i s t a k e n ( r e f . 21-28) t o be t h e b e s t r e p r e s e n t a t i v e molecular s t a t e of t h e pure components and of t h e components i n t h e mixture, I n t h i s r e s p e c t a n a l y s i s ( r e f . 27) of VCdata a t 308.15 K of water ( i ) + formamide(j) mixture i n terms of e q u a t i o n 11 h a s suggested ( r e f . 27) t h a t while water i n t h e pure s t a t e e x i s t s a s an e q u i l i b r i u m mixture of I -I V ( C N D 0 / 2 s t u d i e s ( r e f . 29) have i n f e r r e d t h a t water e x i s t s mainly a s open c h a i n trimers V -V I I ( V I I t o be t h e most s t a b l e s t r u c t u r e ) ; Hoyland e t a1 ( r e f . 30) however regard V t o be more s t a b l e o n e ) , formhmide should e x i s t ( r e f . 27) a s an e q u i l i b r i u m mixture of monomers and d i n e r s ( t h i s i s c o n s i s t e n t w i t h Davies views ( r e f . 31) about t h e s t a t e of a g g r e g a t i o n i n lower a m i d e s ) . This approach h a s a l s o been employed t o i n v e s t i g a t e t h e s t a t e of anhydrous c u p r i c c h l o r i d e i n p y r i d i n e and of t h e i n f l u e n c e of formamide (FD) ( o r N , Ndimethylformamide (DMF)) o r a n i l i n e (An) ( o r o -t o l u i d i n e (OT)) on i t by a n a l y s i n g ( r e f .
24) V E d a t a of p y r i d i n e ( i ) ( s a t u r a t e d with anhydrous
CuClk ( S ) ) ( i ( S ) + j ( j = FD o r DMF o r An o r OT) mixtures. This a n a l y s i s h a s r e v e a l e d ( r e f . 22,241 t h a t while i t s ) i n i(S)+FD( j ) mixtures i s an e q u i l i b r i u m mixture of p u r e i (VIII) and I X , FD i n t h e pure s t a t e e x i s t s a s an e q u i l i b r i u m mixture of FD and (FD!,
, t h e mixture should c o n t a i n t h e molecular e n t i t y X ; i n f r a -r e d and molecular weight s t u d i e s ( r e f . 24) (Rast method) on t h e s o l i d t h a t i s l e f t behind
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